Abstract : Application of potassium either as recommended, deficient or excess dose, enhanced the level of phenolic contents, increased incubation period and thereby decreased the sheath blight severity. Application of nitrogen and phosphorous, either as recommended, deficient or excess dose resulted in reduction of phenolic content, shorter incubation period and thereby increasing the sheath blight severity. Recommended sulphur application, enhanced the phenolic contents, increased incubation period and thereby decreased the sheath blight severity. Recommended zinc application resulted in enhancement of phenolic contents, longer incubation period and thereby decreasing the sheath blight severity. Excess application of zinc, reduced the phenolic contents and incubation period but the severity of sheath blight was also lowered down. Recommended iron application (1.5 kg./ha) enhanced the phenolic contents and incubation period with a decreased level of sheath blight severity. Deficient and excess doses of iron also showed the similar trend of effect on phenolics, incubation period and sheath blight severity.
INTRODUCTION
Host resistance is an inherent and genetically governed trait of plants which help plants in fighting against all short of odds. Management of diseases through host resistance has become a prime concern of scientist and farmersboth. Using host resistance will not only minimize the ecological threats posed by fungitoxic chemicals applied for disease management rather it is cheaper also. Once a grower has opted for a resistant variety for cultivation then he need not to bother for application of any other control measures throughout the crop period. Application of fungi toxic chemicals also results in development of fungicidal resistance in many pathogens, hence sometimes it becomes very troublesome. Mechanism of resistance includes preexisting and post infectional structural and biochemical barriers. Biochemical defense is governed by many chemicals like common phenolics, phytoalexins, toxin detoxifying enzymes and enzyme inhibitors. Although these traits (Biochemical defens) are genetically governed but activity and level of some of these defense chemicals can also be manipulated by integrated application of macro and micro nutrients. Enhancement in nitrogen dose, interferes with plant metabolism in such a way that quantity of phenols get reduced, whereas with reduced or no application of nitrogen, quantity of phenols get increased, (Krauss, 2001) . In view of this, investigations were carried out continuously for two years i.e. during 2005 and 2006 , to asses the effect of integrated nutrient application on induced host resistance and sheath blight development so that a holistic approach module can be developed for sustainable and eco-friendly management of this disease.
MATERIALS AND METHODS
Raising rice nursery: Healthy seeds of susceptible rice variety, Pusa Basmati-1 were soaked overnight in water and then surface sterilized with 2% sodium hypochloride solution for ten minutes and thereafter washed thrice with sterilized distilled water, dried in shade for 6 hrs. These seeds were sown using broadcast method in nursery on 7 th July in both the year i.e. 2005 and 2006 . Fertilizers and other agronomic practices were followed as per recommendation for raising good and healthy nursery. Twenty five days old seedlings were transplanted in pots containing natural soil without any amendment and also soils amended with different doses of N, P, K, S, Zn and Fe (Table-! The sclerotia were raised in petridishes containing PDA. For inoculation leaf sheaths were opened carefully and inoculum was placed with the help of sterilized forceps inside the sheath. Inoculated sheaths were wrapped with wet cotton pads so that moisture is retained after inoculation. A few drops of sterilized water were also added to inoculated sheath. Inoculation was done in the evening and inoculated plants were sprayed with water next morning. These plants were maintained in a net-house.
Appraisal of sheath blight development and severity :
After inoculation, crop was regularly monitored for first appearance of disease symptoms. Disease severity were recorded, 7 days after inoculation and further at 5 days interval upto 25 days of inoculation. Observations on sheath blight severity were recorded by measuring lesion length of individual plants inoculated along with plant height of respective plant. Relative lesion height (RLH) was calculated. (Meena et al. 2001) Lesion length RLH = Plant height X 100
Phenol estimation : The phenolic contents in rice plants were measured with the help of spectrophotometer following the principles and method given by Augustin, et al. (1985) Rice plant samples infected with R. solani were collected from the pots containing different levels of N,P,K,S,Zn and Fe and were kept into a hot air oven at 55+5 0 C for 2hrs drying. Dried samples were cut into small pieces (<1mm) which were mixed and kept into dessicator. Subsequently 1g of the mixed plant sample was ground in a mortor with a pestle alongwith 20 ml of 80% ethyl alcohol. After grinding of sample, mixture was filtered with the help of Whatman filter paper No. 1. One ml filtrate, 1 ml phenol reagent and 2 ml of Na 2 CO 3 solution were taken together and volume was adjusted to 50 ml by adding distilled water. Twenty ml of this preparation was kept in a test tube for 1 hr and its optical density (O.D.) was recorded with the help of a spectrophotometer at 750 nm against blank reagent. Simultaneously a standard curve was prepared by using various concentration of gallic acid and concentrations of phenols were calculated in the test sample and expressed as phenol's weight in mg per 100g dried plant material using following formula. 
RESULTS AND DISCUSSION
Effect of Nitrogen: Findings of present investigations indicated that application of excess dose of nitrogen resulted in shorter length of incubation period and least quantity of phenols, with maximum disease severity as compared to recommended and deficient doses of nitrogen. (Table 2 ). Longer incubation period and comparatively higher quantity of phenols with least disease severity were recorded where no nitrogen was applied, followed by deficient or recommended nitrogen application. Kozaka (1961 and 1965) and Loo et al. (1963) reported that the sheath blight was more severe on plants grown in soil with high nitrogen. Kozaka (1961) reported that the susceptibility of leaf sheath is closely correlated with its nitrogen contents, but not with its sugar or starch. Roy (1986) reported that sheath blight infection was maximum in rice plants grown with urea. Maximum infection occurred in plots which received urea in split doses. It seems that enhancement in nitrogen dose, interferes with plant metabolism in such a way that quantity of phenols get reduced. Whereas with reduced or no application of nitrogen, quantity of phenols get increased. During present investigation also excess dose of nitrogen enhanced the disease severity by decreasing the phenols. Thus, the findings of present investigation is quite in conformity with the reports of earlier workers like Kozaka (1961 and 1965) , Loo et al. (1963) , Roy (1986) and Krauss (2001) . Higher dose of nitrogen promotes high vegetative growth and increase succulence in plants, thus, increases water content in the plant tissues which might have increased host proneness and susceptibility in the plants. These alterations might have resulted in shorter length of incubation period and increased severity of sheath blight. Hakulinen et al. (1995) also suggested that increased amount of phenols interferes with pathogenesis and ultimately results in lower severity of diseases.
Effect of Phosphorus:
Application of excess dose of phosphorus resulted in shorter length of incubation period and least quantity of phenols, with maximum disease severity as compared to phosphorus application as per recommendation. Comparatively longer length of incubation period and higher quantity of phenols were recorded in treatments where additional phosphorus was not applied, followed by deficient or recommended phosphorus application. Least severity of sheath blight was also observed in the treatment where phosphorus was not applied, followed by deficient or recommended phosphorus application. Inoue and Uchino (1963) reported a higher disease incidence when a large amount of phosphate was added and a lower incidence when much potash was used. Roy (1986) reported that plants grown with crotonilidene diurea were less susceptible to the disease than those grown with guanylurea, phosphate and neem cake and castor cake coated urea. According to an Anonymous report (2007) Effect of Potassium: Application of potassium in excess dose, resulted in comparatively longer length of incubation period, higher quantity of phenols with least disease severity. Comparatively shorter length of incubation period and lesser quantity of phenols were noticed when no potassium was applied, followed by deficient or recommended potash application. Maximum severity of sheath blight was also observed when potassium was not applied, followed by deficient or recommended potash application. Inoue and Uchino (1963) reported a lower disease incidence when a large amount of potassium was added and a higher incidence when much phosphate was used. Vijaya Bhaskar et al. (2001) reported that incidence of sheath rot of rice caused by Acrocylindrium oryzae decreased with increase in potassium level from 0 to 140 kg/ha. The phenol contents in leaf sheath increased with increase in potassium application. According to Krauss (2001) , ratio between nitrogen and potassium plays obviously a particular role in pathogenesis. According to a literature reviewed by Perrenoud (1990) it is concluded that the use of potassium decreased the incidence of fungal diseases and increased the crop yields also. An inverse relationship between disease incidence and plant nutrition with potash in sheath blight has been coated by Haerdter (1997) . Mondal et al. (2001) also found a negative correlation between potassium content in soybean and sesame with disease incidence and a positive correlation between their respective yield. According to Sweeney et al (2000) the positive impact on yield could also be attributed to the effect of chloride supplied with KCl Fertilizer. During present investigation also excess dose, of potassium reduced the disease severity and increase the phenol contents which is supported by the findings of all workers cited earlier. Effect of Sulphur: Among the different doses of sulphur applied it was found that comparatively longer length of incubation period was recorded due to application of recommended dose of sulphur followed by deficient, excess and control (no application) dose application, respectively. Maximum severity of sheath blight was recorded when sulphur was not applied, followed by deficient or excess doses of sulphur application. Least severity of sheath blight was recorded due to sulphur application at recommended dose. Highest quantity of phenols was recorded due to sulphur application as per recommended dose followed by excess, deficient and control dose, respectively. Inoue and Uchino (1963) , reported a lower disease incidence due to recommended micro-nutrients. Datre et al. (2003) reported that zinc sulphate check the growth of R. solani. Sulphur is a component of cystine and methionine (amino acids that make up plant proteins). Sulphur is therefore a component of plant proteins. Hence, imbalanced sulphur fertilization affects the phenol contents of plant, its deficiency reduce the phenols and its excessiveness also to be harmful for metabolic activities and therefore affects the defense mechanism with reduction in amount of phenols. The detailed role of phenols in biotic stress has already been discussed in earlier section on nitrogen. During present investigation also different doses of sulphur affects the phenols and disease severity. Thus the findings of earlier workers are quite supportive of present findings.
Effect of Zinc:
Among the different doses of zinc, recommended dose of zinc application resulted in comparatively longer length of incubation period followed by deficient, excess and control dose (no application) of zinc, respectively. Maximum severity of sheath blight was observed in treatments where zinc was not applied, followed by excess or deficient zinc application, whereas least disease severity was recorded due to zinc application as per recommendation. In case of quantity of phenols, the highest quantity of phenols was obtained due to recommended dose of zinc followed by deficient, excess and control dose, respectively. Datre et al. (2003) reported that zinc sulphate check the growth of R. solani in vitro. Kang (2000) reported the incidence of rice diseases due to zinc deficiency (4.4), iron deficiency (2.7), nitrogen deficiency (0.8) and salt injury (0.5). Inoue and Uchino (1963) observed lower sheath blight incidence with use of recommended dose of micro nutrients. Zinc is essential for growth regulation and also for regulating carbohydrate consumption. Zinc improves chlorophyll function. It is a component in many enzymes and is important in enzyme systems, particularly for water absorption and usage. During present investigation also imbalanced zinc application, affected phenols negatively and disease severity in a positive manner. However, recommended zinc application enhanced the phenols and reduced the disease severity. Thus, findings of earlier workers are quite supportive to present findings.
Effect of iron:
Among the different doses of iron applied to the rice plants, the longest length of incubation period was recorded in the plants, applied with recommended dose of iron, followed by deficient, control (no application) and excess dose application, respectively. Highest severity of sheath blight was recorded in the plants where iron was not applied, followed by excess or deficient dose. Whereas the least disease severity was observed when iron was applied at recommended dose. The highest quantity of phenols was recorded due to application of iron as per recommended dose followed by deficient, excess and control dose of iron, respectively. Sarkar and Sinha (1991) found that ferric chloride gave protection to rice plants against sheath blight. Kang and Singh (2000) reported the incidence of rice disease due to zinc deficiency (4.4), iron deficiency (2.7), N. deficiency (0.8) and salt injury (0.5). Tiwari and Khare (2001) found that healthy seeds and seedlings of moong bean contained more phenols than the infected seeds and seedlings. The phenolic compounds inhibited the growth of R. solani. An adequate supply of soluble iron in the plant nutrient also inhibits the formation of phenol compounds (Annonymons, 2007) . In present investigation also, excessive iron reduced the phenols in rice plants. Bodegom et al. (2005) reported that ferrous iron (Fe ++ ), which is abundant in waterlogged soils, significantly stimulates phenol oxidase activity, both in pure enzyme assays and in waterlogged soil slurries form nutrient-poor dune slacks. In present investigation it was observed that recommended iron application increased phenols and decreased disease severity, however excess iron decreased phenols and increased disease severity. Thus the present findings are on the similar line of earlier findings
